Origin
'WSU 2166' was selected from a cross of WSU 1447 and WSU 0697 ( Fig. 1 ) made in 2007 at Washington State University Puyallup Research and Extension Center (WSU Puyallup). WSU 1447 was selected from a cross made in 1996 and produces large, firm fruit. WSU 0679 was selected from a cross made in 1974 and produces fruit with many small drupelets and small seeds (Moore, 1993) . Seedlings from the cross of WSU 1447 and WSU 0697 were planted with a cooperating commercial grower in Skagit County, WA, in 2008. In 2010, these seedlings were subjectively evaluated as they were machine harvested. One promising seedling was selected that was identified as 'WSU 2166'. Fruit of 'WSU 2166' machine harvested very easily, with good quality fruit that were firm, with good color and flavor.
Performance and Description
After 'WSU 2166' was selected, it was propagated from primocane shoot tips at WSU Puyallup. It was planted in a nonreplicated plot consisting of 10 plants with a cooperating grower in Lynden, WA, in 2011. A nonreplicated plot of eight plants was planted in 2014 by another grower. These plantings were maintained by the growers using standard commercial production practices and picked every 2 to 3 d during the harvest season. Fruit was subjectively evaluated weekly over two harvest seasons, beginning 2 years after planting. The plots were evaluated for suitability to machine harvesting and overall fruit quality. In the 2014 planting, in addition to subjective evaluations, fruit were weighed for each harvest to determine yield and midpoint of harvest (date of 50% yield). The performance of 'WSU 2166' was good compared with 'Cascade Harvest' (Moore et al., 2015) , 'Meeker' (Moore and Daubeny, 1993) , and 'Willamette' (Daubeny et al., 1989) in the same planting, indicating favorable yield potential. In each of these plantings, the fruit 'WSU 2166' harvested easily and had large fruit size and good flavor.
Fruit of 'WSU 2166' were hand-harvested in a replicated planting at WSU Puyallup established in 2014. The planting was arranged in a randomized complete-block design with three replications of three plants in each plot, with 0.9 m between plants and 2.4 m between rows. The plantings were not sprayed for disease, but the plantings were treated for spotted wing drosophila (Drosophila suzukii Matsumura). Fruit were harvested by hand in 2016 and 2017, once or twice a week depending on environmental conditions and rate of ripening, and weighed to determine total yield. The weight of fruit with visible symptoms of fruit rot (mainly Botrytis) was measured separately at each harvest and divided by total yield to determine the percent of harvested yield affected by rot. In 2016, the yield of 'WSU 2166' was lower than that of 'Cascade Harvest', 'Meeker', and 'Willamette' (Table 1) , which might be explained by slower establishment, as the 'WSU 2166' plots were observed to have fewer canes per hill than other cultivars. In 2017, the yield of 'WSU 2166' was similar to all three cultivars. At each harvest, a subsample of 25 randomly selected fruit was weighed to determine average fruit weight. The seasonal fruit weight was calculated as a weighted arithmetic mean of fruit weight using the following formula:
Weighted Mean ¼ Sxw=Sw;
where x = average berry weight in g from individual harvest and w = the weight (importance) of each harvest relative to total season yield. According to Fisher's protected least significant difference (LSD) method, the fruit weight of 'WSU 2166' was greater than 'Meeker' and 'Willamette' in both 2016 and in 2017. The midpoint of harvest date of 'WSU 2166' was similar to that of 'Willamette' and earlier than 'Cascade Harvest' and 'Willamette' in 2016 . In 2017, 'WSU 2166' was earlier than 'Cascade Harvest' (Table 1) . Average fruit firmness was measured as the force a Hunter Spring Mechanical Force Gauge (Series L; Ametek, Hatfield, PA) required to close the opening (compression strength) of 5 randomly selected from each plot from each harvest (Barritt et al., 1980) . The seasonal average for fruit firmness was calculated by a similar weighted mean as for average fruit weight. Morphological measurements of 'WSU 2166' fruit were compared with 'Cascade Harvest' and 'Meeker'. Each data set was analyzed as a randomized block design using analysis of variance and Fisher's protected LSD method for mean separation (SAS 9.4; SAS Institute Inc., Cary, NC). 'WSU 2166' was firmer than 'Meeker' and 'Willamette' in 2016, but no significant differences in fruit firmness were observed among the cultivars in 2017.
'WSU 2166' was evaluated in the U.S. Department of Agriculture-Agricultural Research Service (USDA-ARS)/Oregon State University (OSU) cooperative breeding trials at the OSU-North Willamette Research and Extension Center (NWREC) in the Willamette Valley (Aurora, OR). Fruit production was measured in a planting established in 2014 with four replicates of plots that had three plants each. Each plot was harvested by hand in 2016 and using a machine harvester in 2017. Compared with 'Lewis' and 'Meeker', 'WSU 2166' had significantly larger fruit overall over 2 years and similar yields ( Table 2 ). The harvest season in Oregon passed 50% harvest for 'WSU 2166' on 23 June, which was about 5 d earlier than 'Meeker' and 11 d before 'Lewis' and the time from first to last harvest was 24 d for 'WSU 2166' and for 'Meeker' (data not shown).
In British Columbia, plots of 'WSU 2166' with four replications and consisting of five plants were included in breeding trial plots at Agriculture and Agri-Food Canada's substation in Abbotsford, planted in 2014 and again in 2016. The 2014 planting was harvested every 3 to 4 d with a machine harvester in 2016 and 2017. In this planting, 'WSU 2166' had greater yield and larger fruit than 'Saanich', 'Rudi', 'Lewis', and 'Meeker' (Table 3) . In 2016, 'WSU 2166' had an earlier midpoint of harvest than 'Lewis', whereas in 2017, 'WSU 2166' was earlier than 'Meeker', 'Saanich', and 'Lewis'. The 2016 planting was harvested every 3 to 4 d with a machine harvester in 2018. In this planting, 'WSU 2166' had comparable yield to 'Chemainus', and greater yields than 'Meeker' (Table 4) . There were no significant differences in fruit weight.
On the basis of these evaluations in Oregon, WA, and British Columbia, 'WSU 2166' has shown adaptability throughout the Pacific Northwest growing area.
Fruit Description
Fruit of 'WSU 2166' are attractive and large with a long, conic shape with many drupelets per fruit (Fig. 2) . Storage characteristics of 'WSU 2166' were compared with 'Cascade Harvest' (Table 6 ). Fruit were hand harvested 3 July 2017 to determine color (McGuire, 1992) , firmness, and weight of 24 fruit of each cultivar. Firmness was destructively measured on 12 of the harvested fruit for each cultivar then discarded. The remaining 12 fruit were stored at 4°C for 7 d, then stored at room temperature (20°C) for 4 h, then evaluated for poststorage color, weight, and firmness. The effect of cultivar and storage on firmness, berry weight, and color (hue, value, and chroma) were determined by an analysis of variance using a mixed procedure (Proc Mixed) in SAS 9.4. There was a highly significant effect of cultivar and storage for firmness, berry weight, and value (data not shown). There were no significant interaction effects of clone · storage for any variable. Because there were no interaction effects, Mean separation within columns by Fisher's protected least significant difference, P # 0.05. Fig. 2 . Fruit of 'WSU 2166' red raspberry.
